Introduction
Because of the importance of differential gene expression in the growth, development, and reproduction of organisms, assays of mRNA transcript levels are widely employed in biological research. The most frequently used assay combines reverse transcription (RT) with quantitative polymerase chain reaction (qPCR) and is known as qRT-PCR (or RT-qPCR). In practice, RT generates a single-stranded cDNA copy of each molecule in an mRNA population, after which a qPCR thermocycler is used in conjunction with gene-specific oligonucleotide primers to amplify selected target cDNAs (Bustin et al. 2009 ). Fluorescent probes allow progress to be monitored through three phases: an initial phase during which the increasing signal cannot be distinguished from background noise, a 2nd phase of observable exponential signal increase, and a third and final phase of slowing signal increase as reagents and other factors become rate limiting. Quantification of each target mRNA requires the determination of the number of cycles (known as Ct, Cq, Cp, or TOP) required to reach a pre-set fluorescence threshold during the second phase. When a transcript is twice as abundant in one sample as it is in another, the Ct will occur about one cycle earlier for the more abundant transcript. The varying transcript levels of target genes must then be normalized against the stable transcript levels of one or more reference genes present in the same mRNA population. Algorithms are available to validate the stability of these reference genes. With use of appropriate controls, standardization, and normalization, measurements of Ct can lead to reliable estimates of the relative amount of a target transcript in the input mRNA population (Bustin et al. 2009 ).
Despite its complexity, qRT-PCR is rapid and cost effective, and, if sufficient care is taken with the design and execution of experiments, it is reliable and sensitive. There are, however, two trends of concern in the publication of qRT-PCR experiments. The first is that many papers do not contain enough information to judge whether the data are reliable. Bustin et al. (2009) addressed this question by defining ''minimum information for publication of quantitative real-time PCR experiments'' (MIQE). The second trend of concern is the increasing number of manuscripts that claim to have identified reference genes without comparing them to target genes in a well-defined and relevant biological context. We agree with Bustin et al. (2010) , who considered it pointless and misleading to publish such 'reference gene papers' as stand-alone reports.
In response to these trends, we propose that publishable qRT-PCR manuscripts should satisfy two criteria. First, the design, execution, and reporting of qRT-PCR experiments should address the items listed in the MIQE guidelines. Second, the selection and validation of reference genes should be reported in relation to target gene behavior in a well-defined biological context. Here we discuss the background to these criteria and their implementation relative to plant biology studies.
The MIQE checklist
The MIQE checklist provided in Table 1 of Bustin et al. (2009) and in précis form in Table 1 of Bustin et al. (2010) identifies a large number of parameters essential or desirable in the conduct and reporting of reliable high-quality qPCR and qRT-PCR experiments. The checklists include topics from experimental design to execution to data analysis and interpretation. Because these topics are interrelated, they should be approached holistically during experimental design. Bustin et al. (2009) advocated submission of the completed checklist along with the manuscript and then, if the manuscript is accepted, publishing it online as part of the supplemental information available to readers.
From 2009 to mid-2014, about 200 plant publications cited the MIQE guidelines, but only about 10 % included some form of completed checklist in a supplement. A good example of a completed MIQE checklist is Additional File 4 of Fujisawa et al. (2011) on fruit ripening in tomato. At first glance, the checklist may appear intimidating, but it is clearly widely applicable and in a format that is conducive to the gradual accumulation of data as qRT-PCR experiments are planned, conducted, and analyzed before being reported and peer reviewed.
A publication that does not provide a MIQE checklist but is nevertheless clearly inspired by the MIQE guidelines is the work of de Keyser et al. (2013) . It focuses on the flavonoid pigment biosynthetic pathway in azalea (Rhododendron simsii hybrids) and illustrates methods for checking quantity, purity, and integrity of mRNA; primer design; estimating qPCR efficiency; and selecting, validating, and optimizing the number of reference genes. The authors employ the reference genes to normalize six genes of the flavonoid pathway with the geNorm software of Vandesompele et al. (2002) .
Two additional issues are the efficiency of RT and the avoidance of primer dimers, which can contribute to background fluorescence. These issues were addressed by Saha and Blumwald (2014) in their study of expression patterns for both endogenous genes and transgenes in pearl millet (Pennisetum glaucum). This publication provides an excellent tutorial on qRT-PCR, while not referring to MIQE. The authors employed geNorm and five other software packages (Stability Index, Normfinder, DCt, BestKeeper, RefFinder) to validate reference genes for use in normalization.
Reference genes
As qRT-PCR has matured, so has thinking about the selection, validation, and use of reference genes. In the infancy of qRT-PCR, researchers often chose a single ''housekeeping'' gene for normalization of target genes, but the expression of ''housekeeping'' genes can be highly variable. Best practices today call for the use of at least 3 reference genes that are demonstrated to be expressed stably under the same experimental conditions used to study expression of the target genes (Hruz et al. 2011) and at abundance levels similar to those of the target genes (Czechowski et al. 2005) .
Novel reference genes are most easily identified in plant species for which extensive gene expression databases are already available. The model plant Arabidopsis thaliana, many cereals, and commercial crops such as soybean and cotton have these resources. Czechowski et al. (2005) and Hruz et al. (2011) provided details about identifying novel reference genes for A. thaliana from microarray databases. For plant species that lack these resources, other approaches can be effective. In the case of azalea, de Keyser et al. (2013) found an azalea EST library to be adequate. Saha and Blumwald (2014) found that foxtail millet formed a bioinformatic bridge between pearl millet and rice, enabling homologues of reference genes validated in rice to be found in foxtail millet and then in pearl millet, where validation was confirmed.
Concluding remarks
MIQE has received support from journals, authors and suppliers of equipment, reagents, and software (http://miqepress.gene-quantification.info/). De Keyser et al. (2013) and Saha and Blumwald (2014) proved that qRT-PCR data can be rigorously conducted and reported without inclusion of a MIQE checklist. However, we do advocate that the items on the checklist be addressed during experimental design and execution and recommend that a checklist be made available to referees during the review process. Except for rare and justified cases (Bustin et al. 2010) , reference genes should be published in conjunction with their use in normalizing target genes within a biological context. Finally, we emphasize that, for every manuscript that includes qRT-PCR data, it is vital that authors give careful attention to the qRT-PCR experimental details to ensure that gene expression data from this powerful method are valid.
